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Seabed robot path planning based on priori terrain information

GAO Cun—zhang1’2’3, GU Hai-tao*2t

(1. State Key Laboratory of Robotics, Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang
110016, China; 2. Institutes for Robotics and Intelligent Manufacturing, Chinese Academy of Sciences, Shenyang
110169, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Path planning is an important part of realizing robot autonomous movement. The planned path largely determine
the performance of the robot in work. Traditional path planning algorithms, such as the dijkstra algorithm based on graph
search and its improved version the A* algorithm, as well as the sampling-based RRT (rapidly-exploring random tree)
algorithm and its improved version the RRT* algorithm, only consider obstacle avoidance problems. Algorithms based
on interpolation curves can generate smoother trajectories. Algorithms based on numerical optimization can add robot
speed, acceleration, etc. to the loss function, which can generate trajectories with better dynamic properties through
optimial solving. In current, topographic information are richer and more accurate, and few algorithms can make full
use of them. Therefore, based on the digital elevation map (DEM) of the seabed, this paper proposes an extended A*
algorithm and an improved FM (fast marching) algorithm, using prior geographic information to improve the effect of path
planning. Through simulation analysis, three algorithms are compared: the extended A™ algorithm, the TC FM (terrian
cared fast marching) and the TC FM™ algorithm. Simulation results show that the extended A* algorithm solves faster,
its the local planning ability is stronger, and the TC FM and TC FM* algorithms find the path shorter and smoother.
Keywords: seabed robot; path planning; DEM; extend A* algorithm; TC FM and TC FM™ algorithm
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algorithm 1 A* 5i%.
input: node_start, node_goal;
output: prev.
1 A7 Ll D5 R AT R/
1) node_start. f_g < 0,node_start.state <
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FROZEN;
1% T R f_g @1t R Y BRI AA s R
=

2) foreach node € node_start.neighbours do
3) node.state < NARROW BAND;
4) narrow_band.insert(node);
5) node. f_g + distence(node_start, node);
6) prev(node) < node_start;
7) end
8) while ~ empty(narrow_band) do
9)  current_node + narrow_band.popfirst( );
10)  current_node.state <~ FROZEN;

11)  if current_node = node_goal then

12) break;
13) end
14) foreachnode € current_node.neighboursdo
15) if node.state # FROZEN then
16) f_g + current_node. f_g+;
distence (current_node, node)
17) if node.state = UNKNOW then
18) node.state <;
NARROW BAND
19) narrow_band.insert(node);
20) end
21) if f_g > node.f_g then
22) continue;
23) end
24) prev(node)  current_node;
25) node.f_g « f_g;
26) narrow_band.resort( );
27) end
28) end
29) end
FE A S, 48 28 () R 7 R AR AE DU 3 4

1) FROZEN: £\ 280 52 L4 A5 2]
5, HUC PR B AN g

2) NARROW BAND: if 8 17 g, L& THE 1 2 H
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RIS, B B0 ] LA

3) UNKNOW : i A EIA BT 23, VIR A B R
MEEES IET T K.
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H R 1 B e
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A* BB NARROW BAND #4715 5 (451 2 B N
f(@i,y;) = aah(zi, y;) + asg(@i, ;). 6]

Horb b, yy) TR (a4, y;) KEIWIE RORER S, g(a,
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;) RN S TR 7 4 T 1 — € 8 M, Has
T AT DU SR R . o AT o SRR B AR 5
EVER-ZE PN

TERE S = A, %‘E’J%%IJ”ZIDIBFE
TN VR €8 X S5l LR, TR 4k G X 30h ST R
B, L X SR 3 T X
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(a) dijkstra 2%
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(b) A*Hik
3 dijkstraBIEM AT EIAEZENBEMRIERT
F 1 3 AT LR I, dijkstra 55035 75 28 17K 249 90 %o
BT A REAS BT AT B AR, T A B2 75 B0 7 K
2155 % 177 55
[ B IR 5T, v DA FM &3 1247 B 42 B .
T 5, I SR fF 40 R Bikonal 77 2 N 1 IR 8 4 ST 3
Y:
1= F(2)|VT(z)|. )
Hort: F(x) R E o A0 B (X B B R RS Ab
R BERG AR 0), T (z) R AL & BALE 2 I
[].
FE IR = A (R 383 vh A RRR FE R 4 m DSR4 B¢
EgAE. AL S W algorithm 2 T 7.
algorithm 2 FM %%

input: node_start, node_goal;
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output: map 7.
1 AFA AT 8 20 & i (I [A] 7
1) foreach node € node_goal.neighbours do
2) node.state <+ NARROW BAND;
3) narrow_band.insert(node);
4)  mapT.node + solveEikonal(node);
5) end
6) while~ isempty(narrow_band) do
7)  current_node < narrow_band.popfirst( );
8) current_node.state < FROZEN;

9) foreach node € current_node.neighbours do

10) if node.state = FROZEN then
11) skep;
12) end
13) else
14) map7T.node < solveEikonal(node);
15) if node.state = NARROW BAND
then
16) narrow_band.resort( );
17) end
18) if node.state = UNKNOW then
19) node.state <
NARROW BAND;
20) narrow_band.insert(node);
21) end
22) end
23) end
24) end
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1) B
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2
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8
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= ° WA
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T P 8 AT DU HIL: X T A 2 1 A Y A X (R .
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— ARG, ¥R A FIERERE AR — 2R R R 1
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IRFEHLES AN 2 0 RE & X T 05 B X Sk 28 i (1
Vg, 3 Fh IR AR e HEAT R ke

T2 TAEHIE 1 AR, 3 Fh vk R % 45 1 K
JE. BRI m AR P AR K b 3 Fh A
ER LRI, TC FM. TC FM* Bk R ik A2 4, H.
ST B AR A RN ST S48 R AR AL /)N

®2 WP REEIL

75 PR /km PR /m PR
extended A* 85.9 4.96 0.0119
TC FM 724 239 0.0048
TCFM* 714 236 0.0049
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